Various diagnostic methods were used to evaluate the effect of fungicide protection on the prevalence of pathogenic fungi in wheat grain. Winter wheat cv. Nutka and Zyta was grown during a field experiment established in the Production and Experimental Station in Bałcyny in 2006-2007. The experimental factor was chemical crop protection: epoxiconazole, kresoxim-methyl and fenpropimorph applied at growth stages BBCH 33-35 as well as dimoxystrobin and epoxiconazole applied at BBCH 51-53. In this experiment, microscopic observations and conventional PCR assays were used as complementary methods. The quantification of Fusarium poae DNA by qPCR demonstrated the effectiveness of chemical protection against the analyzed fungal species. Lower monthly precipitation levels and higher daily temperatures intensified grain infections, in particular those caused by F. poae. A significant correlation was determined between the number of F. poae cultures isolated from winter wheat grain and the quantity of pathogenic DNA in grain identified by qPCR. Grain infections caused by F. poae lowered yield and thousand seed weight.
INTRODUCTION
Wheat (Triticum aestivum L.) is susceptible to fungal infections which lower productivity and deteriorate yield quality (S c h e i d e r et al. 2009 ). Fungi of the genus Fusarium attack open flowers of wheat plants during a critical growth stage which determines grain yield (F i s c h e r , 1985). Plants are infected at different growth stages, and Fusarium head blight (FHB) is the most damaging disease which lowers grain yield, deteriorates yield quality and leads to the accumulation of various mycotoxins in crop plants (G o l i ń s k i et al. 2010 ). FHB is caused by more than 20 species of the genus Fusarium, and the most commonly encountered taxa in Poland and in Europe are F. avenaceum, F. culmorum, F. graminearum, F. poae and F. sporotrichoides (K i e c a n a et al. 2012 , L es l i e and S u m m e r e l l , 2006; P l ą s k o w s k a and C h r z a n o w s k a -D r o ż d ż , 2009).
Chemical substances provide effective crop protection. Many fungicides eliminate pathogens, reduce their spread and inhibit the progression of crop diseases (K r y c z y ń s k i , 2002). The pathogen has to be correctly identified for fungicide treatments to deliver optimal effects. Unambiguous identification of pathogens based on the observed symptoms may be difficult, in particular at early stages of disease when various pathogens may produce similar symptoms (N i c h o l s o n et al. 1998) .
In microscopic analyses, pathogens are difficult to identify based on their morphological traits due to similarities in species description, the absence of unique morphological structures and the predominance of fast-growing species in fungal colonies. In conventional isolation methods, only a fraction of the total microbial population is revealed (K w a ś n a and B a t em a n , 2009). Molecular methods based on polymerase chain reaction (PCR) offer superior detection capabilities (S c h i l l i n g et al. 1996) . The PCR technique is a sensitive and highly-specific tool for detecting and identifying pathogens in plant tissues (N i c h o l s o n et al. 2003) . PCR and real-time PCR support fast identification of species (M u l e et al. 2005 ). Molecular techniques have led to the reorganization of fungal taxonomy, and they support observations of disease progression (K o n c z et al. 2008) .
Numerous attempts to detect and identify fungi of the genus Fusarium in grain and plant tissue have accumulated into an extensive body of research. Spe-cific primers and probes have been developed for identifying pathogens that attack crop plants at different stages of growth (K u l i k , 2008; K u l i k et al. 2011 ; L e i š o v á et al. 2006 ; N i c o l a i s e n et al. 2009 ; Y l i -M a t t i l a et al. 2008) .
The objective of this study was to conduct microscopic observations and PCR assays of Fusarium pathogens infecting the grain of two winter wheat cultivars and to determine the effectiveness of the applied fungicide treatments.
MATERIALS AND METHODS
A two-factorial field experiment was performed in four replications in the Production and Experimen- Fungicides, dose rates and application dates were selected according to the recommendations of the Plant Protection Institute. The health status of wheat grain was evaluated under a microscope and by PCR after DNA isolation.
Mycological analyses of winter wheat grain were performed on 100 kernels in each replication. The grain of both wheat cultivars was surface disinfected with 70% ethanol and 1% sodium hypochlorite and placed on Petri plates containing solid PDA medium. After 14 days of incubation, fungal cultures were identified under a microscope based on the available reference standards (E l l i s , 1971; G e r l a c h and N i r e n b e r g , 1982; K w a ś n a et al. 1991 ; W a t a n a b e , 2002).
DNA was isolated by the method proposed by K u l i k et al. (2007) . Ground wheat grains were placed in a porcelain mortar, treated with liquid nitrogen and homogenized. The homogenized material was transferred to 1.5 ml Eppendorf tubes, incubated at 70 o C for 40 minutes and centrifuged at 14000 rpm. The supernatant was loaded onto a minicolumn filled with silica and centrifuged. Silica-bound DNA was washed twice with 70% ethanol, rinsed in TE buffer and stored at The PCR assay was carried out in an Eppendorf thermocycler (Mastercykler Gradient) on 25 μl of the reaction mixture composed of: reaction buffer, MgCl 2 magnesium ions (2.5 mM), dNTPs free nucleotides (200 μM), 10 pM of each primer, MasterAmpTM Tfl DNA Polymerase (0.25 U) (Epicentre Biotechnologies, USA) and matrix DNA (5 μl).
The reaction product was subjected to electrophoretic separation in a Sigma-Aldrich system in 1.5% agarose gel with the addition of ethidium bromide. The size of PCR products was evaluated in a UV transilluminator (Fotodyne) by comparison with the Step Ladder 50bp molecular weight standard.
Real-time PCR was performed for quantitative DNA detection of Fusarium poae isolated from winter wheat grain. The reaction mixture had a volume of 25 μl, comprising: 12.5 μl of TaqMan Universal PCR Master Mix (Applied Biosystems, USA), 10 pM of TMpoaef 5'-GCT GAG GGT AAG CCG TCC TT-3', 10 pM of TMpoaer 5'-TCT GTC CCC CCT ACC AAG CT -3' and 10 pM of 5'-ATT TCC CCA ACT TCG ACT CTC CGA GGA-3' (Y l i -M a t i l l a et al. 2008 ) probe with 6-FAM (6-carboxyfluorescein) at the 5'-end and TAMRA (5-carboxytetramethylrhodamine) at the 3'-end as the quencher, 4.5 μl deoionized water and 5μl DNA. The following dilutions of standard reagents were used to make the standard curve: 25 pg*μl -1 , 2.5*pg × μl (Fig. 4a) . No significant correlations were reported in winter wheat cv. Nutka (Fig. 4b) .
The effect of F. poae on the yield and thousand grain weight (TGW) of winter wheat was also determined statistically (TGW data were presented by J a rm o ł k o w i c z and O l s z e w s k i , 2010). The studied wheat cultivars responded differently to the analyzed pathogen. Zyta, the more affected cultivar, was characterized by lower yield and lower TGW. The observed results validate the correlation coefficients between the amount of pathogenic DNA vs. yield (R=-0.76) ( Fig. 5a ) and TGW (R=-0.83) (Fig. 5b) , and between the number of isolated cultures vs. yield (R=-0.68) (Fig. 6a) and TGW (R=-0.41) (Fig. 6b) .
Cv. Nutka was less infected by F. poae, and it was characterized by a smaller reduction in yield and TGW than cv. Zyta, as demonstrated by the correlation coefficients between the amount of pathogenic DNA vs. yield (R=-0.24) (Fig. 5c ) and TGW (R=-0.32) (Fig. 5d) , and between the number of isolated cultures vs. yield (R=-0.04) (Fig. 6c) and TGW (R=-0.26) (Fig. 6d) . Fungicidal treatments applied in this experiment failed to fully eliminate fungal pathogens of the genus Fusarium. In both years of the study, the fungicides decreased the number of F. poae colonies and isolates of the genus Fusarium in winter wheat cv. Zyta. A reverse correlation was observed in wheat cv. Nutka In this study, the prevalence of wheat grain infections caused by F. poae was affected by weather conditions. Higher quantities of F. poae DNA were reported in 2007 which was characterized by higher temperatures and lower precipitation levels in May and June in comparison with the respective periods of the previous year and the long-term mean. In a study by W a g ac h a et al. (2012), higher temperatures contributed to the germination of F. poae spores -10% of spores incubated at 22°C germinated after four hours, and 50% of spores after six hours. Spore germination was inhibited at 10°C when the percentage of germinated spores reached 10% after 10 hours and exceeded 30% after 12 hours of incubation (W a g a c h a et al. 2012) .
The results of other research studies indicate that higher temperatures contribute to the proliferation of F. graminearum, whereas F. culmorum, F. poae and F. avenaceum thrive in colder climates (D o o h a n et al. 2003) . According to R o h á c i k and H u d e c (2005), in colder regions the prevalence of F. poae infections is higher, but the concentrations of the analyzed pathogen in grain tend to be lower. K r i s s et al.
(2012) observed a negative correlation between precipitation levels and F. poae concentrations in winter wheat grain, which implies that the examined pathogen thrives in periods characterized by lower rainfall. In our study, the lower levels of fungal infection in 2006 could be attributed to weather conditions which were less conducive to the growth of F. poae.
In winter wheat 'Zyta', a positive correlation was noted between the number of isolated F. poae colonies and the amount of pathogenic DNA in grain. The higher incidence of F. poae infections in Zyta decreased yield and TGW, which was validated by the results of mathematical analysis. Similar results were reported by B r e n n a n et al. (2007) who observed a correlation between the DNA amount and TGW values in various wheat cultivars -the decrease in TGW values of the examined cultivars ranged from 3% to more than 20% in correlation analysis.
In our study, winter wheat was also colonized by other species of pathogenic fungi. Bipolaris sorokiniana and Drechslera biseptata were relatively abundant, whereas Botrytis cinerea and fungi of the genus Rhizoctonia were less frequently isolated. A much higher number of pathogenic species was observed in the second year of the experiment which was characterized by an abundance of Bipolaris sorokiniana isolates; they accounted for approximately 10% of all fungal taxa isolated from the grain of winter wheat cv. Nutka in 2007 and had an estimated 8% share in the taxa isolated from the grain of winter wheat cv. Zyta. B. sorokiniana causes spot blotch, common root rot and cereal grain infections (K u m a r et al. 2002) . The species contributes to a significant loss of spring grain crops, and it reduces the germination capacity of seeds (W i e w i ó r a , 2006). The source of infection is contaminated seed material, which is why seed dressing is the most effective method of controlling the spread of B. sorokiniana (A c h a r y a et al. 2011) .
The fungicides used in this experiment did not reduce the abundance of B. sorokiniana in winter wheat. In the work of Baturo (2008), the discussed fungal species had a more damaging effect on organically--grown barley which was not chemically protected. According to D u v e i l l e r et al. (2005), triazole-based fungicides -tebuconazole, propiconazole and epoxiconazole -were the most effective in controlling the growth of B. sorokiniana.
In this experiment, we studied naturally infected winter wheat plants, which contributed to a better understanding of the relationships between host plants and pathogens. The observed results are, however, not exhaustive, and further work is needed to investigate the pathogenesis of F. poae and its susceptibility to weather conditions.
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